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at onset of diabetes, being apparent only with pubertal onset, and remaining high with onset after age 15 years. The excess risk in men increases with duration of diabetes.
A nationwide study from Sweden of the relationship of age at onset of type 1 diabetes and sex with eventual ESRD has also recently reported [2] . These authors similarly find a lower incidence of ESRD in patients with prepubertal onset of diabetes. Here, the group with age at onset of diabetes in the range 20-34 years had the greatest subsequent male preponderance of ESRD. The incidence of ESRD was lower in Sweden than Finland, such that the risk in females with postpubertal onset of diabetes was no different from the prepubertal onset diabetes group.
These data offer us a number of insights. First, that sex steroids or other pubertal hormones related to sex influence the risk of both subsequent nephropathy and retinopathy. The influence of sex on retinopathy outcome has been more controversial, although some previous studies have shown a similar increased risk in men [3] , now confirmed by the larger analysis from Finland [1] . Both of the new analyses show an increasing difference in renal outcome over time between men and women, but only in the groups with onset of diabetes at puberty or later. The Swedish study is larger but has a shorter follow-up and lower incidence of ESRD. Otherwise, the results are similar. The retinopathy data from Finland shows a broadly similar pattern of progression. With prepubertal onset of diabetes, the progressively increasing difference in outcome between the sexes does not occur. This would seem to be strong evidence for microvascular injury related to sex occurring at the time of diagnosis, if that is at puberty or later. The levels of male hormones and other factors that influence the development of nephropathy (glycaemia, blood pressure, smoking, etc.) over many years of adult life seem likely to be little different between those who developed diabetes before puberty and those after puberty. Thus, there is a clear implication that onset at puberty or later results in some form of renal and retinal injury that allows the development of microvascular disease many years afterwards. Men are much more susceptible to this than women. Increased testosterone or reduced sex hormone binding globulin has been associated with the development of microalbuminuria in a younger group [4], but not when studied in an older population of type 1 diabetic patients [5] , and has also been found to be associated with proliferative retinopathy [6, 7] . However, these findings do not seem to explain the difference in microvascular outcome between prepubertal and postpubertal onset of diabetes.
The results of these analyses reinforce the concept that what happens early in the course of diabetes has implications for events many years later. The Epidemiology of Diabetes Interventions and Complications (EDIC) study showed that a period of intensive glycaemic control (during the DCCT study) resulted in a clear reduction in the incidence of nephropathy 7-8 years after the DCCT study had concluded, despite no difference in glycaemic control during that subsequent (post DCCT) period [8] . The present study appears to show a similar 'legacy effect' in that the impact of male sex and diabetes onset at puberty is manifest many years later.
That puberty has an influence on the development of nephropathy has been known for many years. Krowleski et al. first showed that patients with prepubertal onset of diabetes took longer to develop nephropathy [9] . Changes in renal function in the diabetic kidney occur at puberty with more rapid increase in albuminuria during puberty, compared with before puberty, even within the normal range [10, 11] . Persistent microalbuminuria (measured as excretion rate) occurs only from puberty [12] but structural evidence of nephropathy-increased basement membrane thickness and mesangial expansion-is present earlier [13] . Glomerular hyperfiltration occurs early in the course of diabetes and may predict the development of nephropathy [14] . Based on micropuncture studies in Munich-Wistar rats it has been suggested that this haemodynamic phenomenon initiates self-perpetuating renal injury [15] . Epidemiological studies of retinopathy have shown some effect of prepubertal duration of diabetes but without the long term follow-up analysis obtained here [16] .
The factors that might be operative around the time of puberty are therefore of interest. The growth hormone/IGF-1 axis has been implicated, all components of which are expressed in kidney. IGF-1 increases GFR in non-diabetic humans and probably contributes to renal hypertrophy [17] . However, measurements have been of serum and urine concentrations, not tissue activity. The system has effects on vascular function and is known to be related to the development of retinopathy. Activity peaks at puberty then declines in adults, so it could contribute to renal and retinal injury at puberty.
Studies in experimental animals have investigated the renal effects of androgens and oestrogens. Manipulation of the hormonal milieu indicates that it is sex steroids per se, rather than any other effects of sex, that determine the greater susceptibility of the male kidney to progressive renal disease [18] . Testosterone activates the renin-angiotensin system [19] . In humans, men appear to respond differently to infused angiotensin II compared with women. They maintain GFR at the expense of an increased filtration fraction, implying an increase in glomerular capillary pressure. Women showed a decrease in GFR, suggesting no increase in glomerular capillary pressure [20] . In type 1 diabetes, the sexes show differing responses to acute hyperglycaemia and ACE inhibition, again suggesting that women have a lower intraglomerular pressure [21] .
The generation and activation of TGF-β is widely thought to mediate the adverse effects on the kidney of several metabolic pathways. It promotes the production and reduces the breakdown of extracellular matrix in mesangium and tubule and mediates renal hypertrophy. Unlike mature animals, diabetes did not increase TGF-β gene expression in prepubertal animals [22] . Oestrogens inhibit TGF-β production and its effects at the transcriptional level whereas androgens promote and accelerate TGF-β transcriptional activity [reviewed in 19] . TGF-β stimulates synthesis of collagen in the glomerular mesangium. Oestradiol reverses TGF-β stimulated type I and type IV collagen gene transcription and protein synthesis and stimulates mesangial metalloproteinase (MMP)-2 and MMP-9 activity. These effects result in reduced matrix accumulation [23] .
Protein kinase C (PKC) increases TGF-β activity. Hyperglycaemia increases synthesis of diacylglycerol, which stimulates PKC, which in turn increases MAP kinase activity promoting TGF-β transcription. Androgens and oestrogens stimulate PKC differentially in various tissues. Overexpression of PKC-β2 increases renal weight in male compared with female mice. There is also some evidence relating activity of the polyol pathway and oxidative stress to the effect of sex steroids but few direct investigations have been carried out [19] .
Thus there is evidence from basic research that sex steroids influence mechanisms thought to be important in the generation of diabetic microvascular disease. Animal models have not been, and may not be, able to show the importance of the pubertal injury shown in the human epidemiology. The Finnish Diabetic Nephropathy (FinnDiane) Study in this issue quantifies the effect of sex and shows that the influence of sex steroids on these mechanisms is likely to be of importance in human disease. A better understanding may lead to therapies.
Non-oestrogenic oestradiol metabolites have been shown to inhibit mesangial cell proliferation and collagen synthesis in vitro and preserve renal function in animal models of diabetes [24] . The selective oestrogen receptor modulators (SERMs) can mimic the beneficial effects of oestradiol on mesangial cells [25] without the effects of oestrogen on the reproductive system. In human type 2 diabetes raloxifene appeared to limit the progression of albuminuria [26] .
The microangiopathy of diabetic nephropathy and retinopathy occurs only in diabetes and is related to hyperglycaemia. This does not explain the sex differences seen in these epidemiological studies since glycaemic control is no worse in teenage boys than girls. But studies continue to show greater hyperglycaemia in adolescence than at other ages [27] . Intensive management of this and other well recognised modifiable risk factors is required at puberty.
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